REMARKS 

Prior to this Reply, Claims 1, 3-10, 12-19, 21-25 and 47-52 were pending. Through this 
Reply, Claims 4-8, 13-17, 22-25 and 49-51 have been amended, Claims 1, 3, 9, 10, 12, 18, 19 
and 21 have been cancelled, and Claims 53-102 have been added. Accordingly, Claims 4-8, 13- 
17, 22-25 and 47-102 are now at issue in the present case. 

I. Reiections Under 35 U.S,C, S 102(b) 

The Examiner rejected Claims 1 and 9 under 35 U.S.C. § 102(b) as being anticipated by 
U.S. Patent No. 3,895,270 to Maddox (hereinafter "Maddox"). 

Claims 1 and 9 have been cancelled without prejudice to, or disclaimer of, the subject 
matter contained therein. 

Therefore, AppUcants respectfully request that these rejections be withdrawn. 

II. Reiections Under 35 U.S.C. S 103(a) 

The Examiner rejected Claims 7, 8, 10, 16, 18, 19 and 24 under 35 U.S.C. § 103(a) as 
being unpatentable over Maddox in view of U.S. Patent No. 6,570,727 to Tamura et al. 
(hereinafter "Tamura"). 

The Examiner also rejected Claims 3 and 12 under 35 U.S.C. § 103(a) as being 
unpatentable over Maddox in view of U.S. Patent No. 6,747,823 to Saito et al. (hereinafter 
"Saito"). 

The Examiner also rejected Claims 17, 21 and 25 under 35 U.S.C. § 103(a) as being 
unpatentable over Maddox and Tamura and fiirther in view of Saito. 
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Claim 7 has been rewritten in independent form to include the limitations of Claims 4, 5 
and 6. The Examiner objected to Claims 4-6 as being dependent upon a rejected base claim, but 
indicated that such claims would be allowable if rewritten in independent fomi to include the 
limitations of their respective base claims and any intervening claims. Therefore, Claim 7 is 
allowable. 

Claim 8 has been amended to depend from Claim 7. 

Claim 16 has been rewritten in independent form to include the limitations of Claim 13. 
The Examiner objected to Claim 13 as being dependent upon a rejected base claim, but indicated 
that such claim would be allowable if rewritten in independent form to include the limitations of 
its base claim and any intervening claims. Therefore, Claim 16 is allowable. 

Claim 17 has been amended to depend from Claim 16. 

Claim 24 has been rewritten in independent form to include the limitations of Claims 22 
and 23. The Examiner objected to Claims 22 and 23 as being dependent upon a rejected base 
claim, but indicated that such claims would be allowable if rewritten in independent form to 
include the limitations of their respective base claims and any intervening claims. Therefore, 
Claim 24 is allowable. 

Claim 25 has been rewritten in independent form to include the limitations of Claim 23. 
The Examiner objected to Claim 23 as being dependent upon a rejected base claim, but indicated 
that such claims would be allowable if rewritten in independent form to include the limitations of 
its base claim and any intervening claims. Therefore, Claim 25 is allowable. 

Claims 3, 10, 12, 18, 19 and 21 have been cancelled without prejudice to, or disclaimer 
of, the subject matter contained therein. 

Therefore, Applicants respectfully request that these rejections be withdrawn. 
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III. Claim Objections 

Claims 4-6, 13-15, 22 and 23 have been rewritten in independent form to include the 
limitations of their respective base claims and any intervening claims. The Examiner indicated 
that such claims would be allowable if rewritten in independent form to include the limitations of 
their respective base claims and any intervening claims. 

Therefore, Applicants respectfully request that these objections be withdrawn. 

IV. Other Claim Amendments 

The claims have been amended to improve clarity. No new matter has been added. 

V. New Claims 

Claim 53 recites "the rate of reducing the magnetic field is based on the rotational speed 
of the disk." Applicants submit that the above-quoted limitation is not disclosed by the prior art 
of record, as the Examiner correctly noted by indicating that Claim 13 would be allowable if 
rewritten in independent form to include the limitations of its base claim and any intervening 
claims. Therefore, Claim 53 is allowable. Claims 54-82 depend on Claim 53 and are beheved to 
be allowable for at least the same reasons as Claim 53. 

Claim 83 is believed to be allowable for at least the same reasons as Claim 53. Claims 
84-102 depend from Claim 83 and are beheved to be allowable for at least the same reasons as 
Claim 83. 
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VI. Amendments to the Specification 

A substitute specification without claims (and a marked-up version thereof) is 
provided herein under 37 C.F.R. 1.125 to improve clarity of the specification. No new 
matter has been added. Applicants respectfiiUy request that the substitute specification be 
entered. 

Applicants note that the title of the invention has been amended as set forth in the 
substitute specification. Applicants respectfully request the U.S. Patent and Trademark OfiSce to 
update its records, including its electronic records, to reflect the new title. 

VII. Amendments to Drawings 

Applicants are submitting replacement Figures 1, 2 A, 2B, 3 A, 3B, 4A, 4B, 5-9, lOA, 
lOB, IOC, 1 1 A, 1 IB, 12A, 12B and 12C (contained on replacement sheets 1-12) to improve the 
quality of the drawings. 

Figures lA, IB, IC, ID, 2A, 2B, 2C, 3A, 3B, 4A, 4B, 4C, 5, 6A, 6B, 7A, 7B, 7C and 7D 
in the original application have been renumbered as Figures 2A, 2B, 3B, 5, 4A, 4B, 1, 1 lA, IIB, 
7, 6, lOA, 8, 12A, 12B, 9, lOB, IOC and 12C, respectively, in the replacement sheets. Figure 3A 
has been added to the replacement sheets. 

Figure 1 has been modified to clarify apparatus 10, controller 12, power source 14, 
electromagnet 16, spin motor 20 and monitor 22 and to delete housing 21. 

Figure 2 A has been modified to clarify electromagnets 16a and 16b, disk 24, coils 26a 
and 26b and magnetic field 28a and to delete the text and reference numeral 10. 

Figure 2B has been modified to clarify electromagnets 16a and 16b and disk 24, to show 
an arrow depicting rotation of disk 24 and to delete the circle between the ID and OD. 
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Figure 3 A has been added to show electromagnets 16c and 16d, disk 24, coils 26c and 
26d and magnetic field 28c. 

Figure 3B has been modified to clarify electromagnets 16c and 16d, disk 24 and the ID 
and OD of disk 24 and to delete reference numeral 12 and the circle between the ID and OD. 

Figure 4A has been modified to clarify electromagnets 16e and 16f, disk 24, coils 26e 
and 26f and magnetic fields 28e and 28f and to delete reference numerals 10 and 12b. 

Figure 4B has been modified to clarify electromagnets 16e and 16f, disk 24 and the ID 
and OD of disk 24, to show an arrow depicting rotation of disk 24 and to delete reference 
numeral 12 and the circle between the ID and OD. 

Figure 5 has been modified to renumber steps 11, 13, 15 and 17 as steps 30, 32, 36 and 
38, respectively, at step 30 to change "electromagnets" to "electromagnet" and "disk(s)" to 
"disk" and at step 32 to change "electromagnets" to "electromagnet" and "an initial level 
essentially*' to "high strength" and at step 36 to change "initial level" to "high strength" and 
"lower level" to "low strength" and to delete "the" and at step 38 to delete "the" and to show step 
34 between steps 32 and 36. 

Figure 6 has been modified to clarify disk 24, disk drive 40, transducer head 42, actuator 
assembly 44, voice coil motor 46, spindle motor 48, preamplifier 50, read/write channel 52, 
power driver 54, controller 56, memory 58, tracks 60, read element 62, write element 64, 
microcontroller 66, drive controller 68 and memory 70 and to delete reference numerals 14, 100, 
120 and 122 and to delete "AC Erase" in both controller 56 and memory 58. 

Figure 7 has been modified to renumber steps 34, 36, 38, 40, 42, 44 and 46 as steps 100, 
102, 104, 106, 108, 1 10 and 1 12, respectively, at step 102 to change '*write clock" to "low 
recording" and at step 104 to change "selected" to "current recording" and at step 106 to delete 
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and at step 1 10 to change *Vrite" to "recording" and at step 1 12 to change "Write on all data 
tracks at the current write frequency to erase." to "Select current recording frequency for AC 
erase." 

Figure 8 has been modified to renumber steps 152, 154, 156 and 158 as steps 120, 122, 
124 and 126, respectively, at step 120 to change "disks" to "magnetic material on disk" and at 
step 122 to change "Perform media test" to "Test disk" and at step 124 to change "disks" to 
"disk" and at step 126 to change "Perform servo writing" to "Servo write" and to insert "disk" 
after "test." 

Figure 9 has been modified to remunber steps 160, 162, 164, 166, 168 and 170 as steps 
130, 132, 134, 136, 138 and 140, respectively, at step 130 to change "regions" to "disk area" and 
to insert "transducer" before "head" and at step 132 to change "erase DC" to "DC erase" and to 
delete "for the head" and at step 138 to insert "transducer" before "head" and at step 140 to 
change "head" to "DC erase" and to label step 142. 

Figure lOA has been modified to clarify disk 24, transducer head 42, write element 64 
and magnetic field 150A, to insert "AC Erase" at the top of the figure. 

Figure lOB has been modified to clarify disk 24, transducer head 42, write element 64 
and magnetic field 150B, to insert "+DC Erase" at the top of the figure. 

Figure IOC has been modified to clarify disk 24, transducer head 42, write element 64 
and magnetic field 150C, to insert "-DC Erase" at the top of the figure. 

Figure 1 1 A has been modified to clarify AC band erase 160, +DC band erase 162, -DC 
band erase 164, to reorient "BER" at the left, and to change "W idth" to "Width." 
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Figure 1 IB has been modified to clarify AC band erase 170, +DC band erase 172, -DC 
band erase 174, to change "W idth" to "Width," and to change and reorient "Bit Shift (%)" to 
"Transition Shift (%)." 

No new matter has been added. Figures 1, 2A, 2B, 3A, 3B, 4A, 4B, 5-9, lOA, lOB, IOC, 
11 A, IIB, 12A, 12B and 12C constitute all of the drawings of the appUcation. 

VIII. Additional Claim Fees 

In determining whether additional claim fees are due, reference is made to the Fee 
Calculation Table (below). 

Fee Calculation Table 





Claims Remaining 
After Amendment 




Highest Number 
Previously Paid For 


Present 

Extra 


Rate 


Additional Fee 


Total 

(37CFRM6(c)) 


70 


Minus 


46 


= 24 


x$50 = 


$ 1200.00 


Indq)endent 

(37 CFR 1.16(b)) 


17 


Minus 


7 


= 10 


x$200 = 


$2000.00 



As set forth in the Fee Calculation Table (above), Applicants previously paid claim fees 
for forty-six (46) total claims and for seven (7) independent claims. Therefore, Applicants 
hereby authorize the Commissioner to charge the credit card identified on the enclosed Form 
PTO-2038 in the amount of $3200.00 for the presentation of twenty-four (24) total claims over 
forty-six (46) and ten (10) independent claims over seven (7). Although Applicants believe that 
no other fees are due, the Commissioner is hereby authorized to charge Deposit Account No. 50- 
2198 for any fee deficiencies associated with filing this paper. 

IX. Conclusion 

It is beUeved the above comments estabUsh patentability. AppUcants do not necessarily 
accede to the assertions and statements in the Office Action, whether or not expressly addressed. 
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Applicants believe that the application appears to be in form for allowance. Accordingly, 
reconsideration and allowance thereof is respectfully requested. 

The Examiner is invited to contact the undersigned at the below-listed telephone number 
regarding any matters relating to the present appUcation. 

Respectfully submitted. 



^^^T^ffJLjr^ 



Tejpal S. Hansra 
Registration No. 38,172 
Hansra Patent Services 
4525 Glen Meadows Place 
, Bellingham,WA 98226 

Date: 1^ 100^ (360) 527-1400 
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MARKED-UP VERSION OF 
SUBSTITUTE SPECIFICATION UNDER 37 C.F.R. 1.125 



5 Demagnetization of Magnetic Media for Data Storage Device using 

Gradually Reduced Magnetic Field Mod i a Preconditioning for Porpondicu l ar 

Recording in Disk Dr i ves 

bBy 
Hal Chi Nguy 

10 Steven Lambert 

Steven Marshall 
and 

George Bellesis 



15 Field of the Invention 

The present invention relates^ to magnetic recording^ and in particular to 
demagnetization of magnetic media magnotic rocording of data i n data storag e 
devic e s . 



20 Background of the Invention 

Data storage devices often use magnetic recording to store data on 
magnetic media. For instance, a disk drive includes a transducer head and a 
magnetic disk. The Storago devic e s such as disk drive ut il ize a magnetic disk 
aftd transducer head includes a read element that fe f^magnetically reads r e cord 
25 Ing-data from and reading data from conc e ntric tracks on the magnot i c disk and a 
write element that magneticallv records (writes) data on the disk . The disk is 
magnetic media that stores the data in concentric tracks. 



In longitudinal record ing-ef-data, data informat i on is stored on the disk 
30 magnotizod in horizontal t ransitions (bits) that are rocordod hor i zonta l lv, parallel 
to the curfac o of tho magnotic d isk. In perpendicular recording, data is stored on 
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the disk in vertical t ho magn e tic t ransitions (bits) that are perpendicular to the 
dis k surfaco, a ll ow i ng storago of moro data . Perpendicular recordino allows for 
greater data storage than longitudinal recording since In l ong i tudinal 
rocording data stored at high area! density tho rocorded data degrades less over 
5 time in perpendicular recording than in longitudinal recording as indicat e d by 
degradat i on in the amp li tudo of tho roadback signa l . P e rpondicular record i ng 
can a l so suff e r from this e ff e cts 



In perpendicular recording, the write element includes a large pole and a 
small pole, and the large pole has larger dimensions than the small pole. The 
disk includes a soft underlaver that collects the magnetic field from a large area 
and couples the magnetic field to the large pole. As a result, the transducer head 
15 is biased during write operations due to the magnetic field from other tracks 
being coupled to the large pole. The bubble, where data is written to the disk, 
either expands or contracts due to the magnetic field. 

Disk preconditioning plays a major role in disk drive performance. Disk 
20 preconditioning involves demagnetizing (erasing) the disk before data is recorded 
on the disk. Disk drive performance includes bit error rate (BER) represented bv 
the number of bits in error read from the disk in a readback signal divided bv the 
number of bits read from the disk in the readback signal. 

25 DC erase applies an essentially constant current to the write element to 

demagnetize the disk. DC erase is typically applied to disk areas for servo 
wedges and user data before data is recorded on the disk. Thereafter, data such 
as servo patterns and user data is initially recorded on the disk, 

30 DC erase in longitudinal recording has negligible effects since the disk 

lacks a soft underlaver However, in perpendicular recording, DC erase 
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increases the BER in the readback signal from the recorded data by up to two 
orders of magnitude since the soft underlaver couples the magnetic field from the 
DC erased area to the write element as the data is written to the disk. The 
magnetic coupling enhances one polarity of the writing and degrades the other 
5 such that the positive or negative bit cells last longer than the other. Thus, the 
magnetic coupling causes transition shift on the disk. The transition shift creates 
timing asvmmetrv during read operations, and the timing asymmetry degrades 
the BER. As a result, the DC erase has a large negative impact on disk drive 
performance. 

10 

I n porpondicu l ar rocording, DC band oraso has a l argo impact on tho B i t 

Error Rate (BER) porformanco of th o d i sk drivo (BER i s a way to moasuro quality 
of data rotr i oved back aftor otorago, roprosontod by tho number of bits in error 
div i dod by tho number of bits transforrod). In DC oraso an ossontial l y constant 
15 current is app li od to tho wr i te hoad to e ras e data stored on th e disk. 

In p e rp e nd i cular/v e rtica l recording th e magn e tic transition i s p e rp e nd i cular 

to th e disk s urfac e . Th e wr i t e h e ad has two po le s, wh e ro i n on e of the two po le s 
has a larger dimons i on than the other, such that in DC oraso for a wide rango of 
20 tracks, tho DC fio l d coup l es i nto one of tho two po l os. Whon writ i ng data, tho 
head has a bias duo to flux from tho other tracks into tho write polo. Tho bubb le , 
whor e th e data is written to tho disk, oithor expands or contracts because of tho 
magnetic fiold. 

25 Th e r e ason for th e chang e i n BER is du e to th e trans i t i on sh i ft caused by 

tho magnetic fio l d from tho adjacent aroa of the disk coup l ing i nto tho wr i te hoad 
wh i le it is writ i ng. This offoct is substant i a l for porpondicu l ar recording because 
tho soft und e r - lay e r of magnetic layer a l lows the magnetic flux to coup l e 
efficiently into tho write head. The effect i s neg l ig i b le for l ong i tudina l record i ng 

30 b e caus e th e r e i s no soft under l ay e r to h e lp with co l lecting magnet i c flux from a 
l argo aroa. In l ongitudinal record i ng, tho mod i um is DC erased aftor it is 
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assomb l od i nto tho d i sk drivo, wh i ch dogrados the d i sk dr i vo performanco for 
p e rp e nd i cu l ar r e cord i ng. 

There is, therefore, a need for an improved technique for demagnetizing 
5 the magnetic media mothod and apparatus for a data storage device t hat reduces 
OLellminates the effect of the adjacent med i um magnetic field on the data that is 
subseguentiv t Fack-written to the magnetic media in perp e ndicular . 

Brief-Summarv of the Invention 

10 Tho pr e s e nt invent i on cat i sfios thoco noods. For porpondicular recording, 

modia pr o condit i oning plays a major rolo in dotormining tho dr i vo s e rvo and Bit 
Error Rate (BER) porformancos. This offoct i s duo to tho medium magnotic fie l d 
from tho adjacent area wh i ch can couple into tho wr i te head whi l e tho data track 
i s be i ng wr i tten. T he present invention provides an AC erase to precondition 

15 magnetic media and p rov i des a procedure to minimize the effect of the adjacent 
med i um magnetic field on the data that is subseguentiv w ritten to the magnetic 
medja track, where i n tho proooduro i nc l ude proconditioning tho modia by AC 
erasing tho mod i a . 

20 In anone embodimen t th e present invo^ntion provides a m e thod of 

demagnetizing magnetic media for recording data in a data storage devicor 
includi ng tho s eteps of-placing the magnetic media in a magnetic field at a first 
strength level^f and gradually reducing the magnetic field to a second strength 
level to essentially eliminate net magnetization in the magnetic media, 

25 

In a-Another embodiment ^ of a method of demagnetizing magnetic media 
for recording data in a data storage device includes , comprise s the step s of: 
determining a recording frequency for writing on the magnetic media-wittha 
transducer hoad, at which the amplitude of athe transduc e r h e ad read back signal 
30 from said portion of tho magnot i c modia is essentially at noise leveU and writing 
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on the magnetic media at essentially cubstantia ll v t he saicl-recordinq frequency! 
to essentially substantially eliminate net magnetization in the magnetic media. 

In another embodiment, demagnetizing magnetic media for recording data 
5 In a data storage device includes selecting multiple consecutive tracks on the 
magnetic media, and writing on the magnetic media by alternating the polarity of 
the write current from one track to the next to essentially eliminate net 
magnetization in the magnetic media. 

10 Advantageously, the AC erase improves both servo operation and BER 

compared to conventional DC erase. 

Brief Description of the Drawings 

These and other features, aspects and advantages of the present 
invention will become understood with reference to the following description, 
appended claims and accompanying figures where: 

FIG. 1 shows an apparatus for AC bulk erase of a disk: 
FIGs. 24 A and -2B G show a first configuration oxamp i o method of an 
«sin§-electromagnets in the apparatus of FIG. 1 t o oraso d i sks according to th e 
pr e s e nt invent i on ; 

FIGs. 3A and 38 show a second configuration of an electromagnet in the 
apparatus of FIG. 1: 

FIGs. 4A and 48 show a third configuration of an electromagnet in the 
apparatus of FIG. 1: 

FIG. 54© shows a ,n examp le f lowchart for demagnetizing of stops of 
eras i ng a,disk(6) in the apparatus of FIG. 1 by AC bulk erase according to th e 
pr e s e nt i nv e ntion ; 

F I Gg. 2A 8 chow a second oxampio method of using oloctromagnots to 

oraso d i sks according to tho present invontion; 
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F I G. 2C shows an examp i o b l ock diagram of apparatus for erasing hoads 

accord i ng to tho prosont i nvont i on; 

FIG. 3A shows oxamp i o plots I llustrating tho incroaso i n BER for tho 

r e adback s i gnal from data r e cord e d on data tracks wh e n conv e ntiona l proc e ss of 
5 band DC e ras e is usod b e for e wr i t i ng data tracks compared to AC e ras e 
accord i ng to tho prosont invontion; 

F I G. 3B shows oxamp i o p l ots ill ustrating tho transit i on sh i ft with r e sp e ct to 

tho width of tho oraso band for convention DC oraso compared to AC oraso 
accord i ng to th e pr e sent i nv e ntion; 

10 FIG. 6 shows a disk drive in which AC erase of a disk can be 

implemented: 

FIG. 74A shows a flowchart for determining a recording freguencv for AC 
erase of a disk in the disk drive of FIG. 6 n oxampio flowchart of another 
ombod i mont of a method of erasing d i sks accord i ng to tho prosont i nv e ntion ; 

15 F I G- shows a simplified block diagram of an oxamp i o a disk drive i n 

which an embod i ment of tho present invontion can bo i mplement e d; 

FIG. 4C shows an e xampl e d i agram of h e ad flux du e to AC b i as curr e nt 

accord i ng to th e pr e sent i nvent i on; 

FIG. 85 shows a f lowchart for of another ombodimont of tho method of 

20 prosont invontion demaanetizing a disk in the disk drive of FIG. 6 bv omitting the 
DC erase ; 

F I G. 6A shows an oxamp i o plot i l l ustrating a timing histogram of 

d i fferentiated data written aftor a conventiona l DC band erase; 

F I G. 6B shows r e adback signa l measur e m e nt for data track written on as - 

25 rocoivod modia after a disk sputter i ng process w i thout any not magnetization, by 
turn i ng off wr i te current in reg i ons that are normal l y DC erased, according to th e 
prosont invontion; 

FIG. 97A shows a n exampl e flowchart for of a method of demagnetizing a 
disk in the disk drive of FIG. 6 disk(s) according to the present invention bv DC 
30 erasemg with alternate polarity of the write DC oraso current each time the 
transducer head is stepped; 
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FIG. 10A shows a magnetic field from a transducer head in the disk drive 

of FIG. 6 due to AC erase: 

FIGs. 107B-G shows a magnetic field oxamp i o d i aaramo of head f l ux f rom 
a transducer head in the disk drive of FIG. 6 due d tie-to +DC erase and DC 
5 alt e rnat i ng po l ar i ty b i as curr e nt of th e e mbod i m e nt in F I G. 7A ; 

FIG. IOC shows a magnetic field from a transducer head in the disk drive 
of FIG. 6 due to -DC erase: 

FIG. 1 1 A shows comparative plots of BER as a function of erase band 
width for AC band erase and DC band erase: 

10 FIG. 118 shows comparative plots of transition shift as a function of erase 

band width for AC band erase and DC band erase: 

FIG. 12A shows a readback signal timing histogram of differentiated data 

written on a disk after a conventional DC band erase: 

FIG. 128 shows a readback signal timing histogram of data written on a 

15 disk with as-received sputtered magnetic material: and 

FIG. 12C7 0 - shows a readback signal timing histogram of data written on 
a disk after alternate +DC erase and -DC erase as a transducer head is 
stepped shows oxampio plot ill ustrating roadback signa l of data written on mod i a 
pr e condit i on e d by DC erasing w i th a l tornato po l ar i ty on adjaoont tracks, 

20 according to tho method in F I G. 7A . 

Detailed Description of the Invention 

FIG. 1 shows an apparatus 1 0 for AC bulk erase of a disk 24. The 
apparatus 10 includes a controller 12. a power source 14. an electromagnet 16. a 
25 spin motor 20 and a monitor 22. The disk 24 is perpendicular recording magnetic 
media with an areal densitv of 50Gb/in^. The disk 24 is placed on the spin motor 
20. and the electromagnet 16 is positioned near the disk 24. 

The controller 12 controls the current generated bv the power source 14 (a 
30 programmable direct current source) and thereby controls the magnetic field 
generated bv the electromagnet 16. The spin motor 20 rotates the disk 24. The 
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monitor 22 monitors the rotational speed of the disk 24. and the controller 1 2 
decrements the magnetic field to zero based on the rotational speed of the disk 
24. Alternatively, the monitor 22 is omitted, and the controller 12 decrements the 
magnetic field to zero based on a predetermined rotational speed of the disk 24. 

5 

FIGs. 2A and 2B show a first configuration of the electromagnet 16 

shown as electromagnets 16a and 16b. The electromagnets 16a and 16b are 
Convont l ona l DC oraso methods degrade th e bit error rato (BER) i n roadback 
signal (e.g., 2 orders of magn i tude i ncroaso) from data rocordod on data tracks 

10 aftor such DC oraso. This is becaus e th e magnetic field from the DC erased 
regions coup l e into tho hoad wr i ter o l oment, r e su l t i ng in trans i tion sh i fts. Coupling 
of th e magn e t i c fi el d from th e DC e ras e d r e gions into th e h e ad e nhances one 
polarity of wr i t i ng and degrades tho other w i th tho resu l t that ei th e r pos i tive or 
negative bit cel l s l ast l onger than the oth e r polarity. Th i s timing asymmetry 

15 degrades tho BER, and has a substantia l negative i mpact on tho BER 

performance of d i sk drivos because many parts of tho medium in servo wedg e s 
and unus e d parts of tho data zone are conventional l y DC orasod. 

Exampl e m e thods of el im i nating th e abov e e ff e ct accord i ng to tho pres e nt 

20 i nvention, inc l ude p e rforming AC oraso of data tracks before writing data. 

F I Gs. 1 2 show two different examp le apparatus 10 and methods, 

(Configuration 1 and Configuration 2, respectively), to p e rform AC bulk eras e 
according to an aspect of the pres e nt invention. Roforring to F I Gs. 1 A C, 

25 according to exampio stops in flowchart of FIG. 1D, two U-shaped magnets 42 
(e.g., o l octromagnots) are used wher e in the magnots 12 are positioned nearon 
the-opposite maior s urfacei des of the a-dlsk 244 with poles that are perpendicular 
to the disk 24 and a gap between the poles that Is spaced from the disk 24. The 
electromagnets 16a and 16b are coupled to coils 26a and 26b. respectivelv. and 

30 generate a magnetic field 28a that Is perpendicular to and extends through the 
disk 24. The electromagnets 16a and 16b cover . cov e ring at looot a radial 
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section of the disk 244 between the inner diameter (ID) and the outer diameter 
fOD) of the disk 24 and move from the ID to the OP for the OP to the ID) to 

cover the entire width of the disk 24 as shown i n F I Gs. 1 A - B (stop 1 1 ) . 

5 FIGs, 3A and 3B show a second configuration of the electromagnet 16 

shown as electromagnets 16c and 16d. The electromagnets 16c and 16d are U- 
shaped magnets positioned near opposite maior surfaces of the disk 24 with 
poles that are perpendicular to the disk 24 and a gap between the poles that is 
spaced from the disk 24. The electromagnets 16c and 16d are coupled to coils 
10 26c and 26d, respectively, and generate a magnetic field 28c that is 

perpendicular to and extends through the disk 24. The electromagnets 16c and 
16d cover a radial section of the disk 24 between the IP and the OP of the disk 
24 and cover the entire width of the disk 24. 

15 FIGs, 4A and 48 show a third configuration of the electromagnet 16 

shown as electromagnets 16e and 16f. The electromagnets 16e and 16f are U- 
shaped magnets positioned near opposite minor surfaces of the disk 24 with 
poles that are parallel to the disk 24 and a gap between the poles that is 
occupied bv the disk 24. The electromagnets 16e and 16f are coupled to coils 

20 26e and 26f, respectivelv, and generate magnetic fields 28e and 28f. 

respectively, that are perpendicular to and extend through the disk 24. The 
electromagnets 16e and 16f cover a radial section of the disk 24 between the IP 
and the 00 of the disk 24 and cover the entire width of the disk 24. 

25 The first and second configurations of the electromagnet 16 can be 

modified to simultaneously erase multiple disks 24. The distance (open space) 
between the electromagnets 16a. 16b, 16c and 16d and the associated surfaces 
of the disk (or disks) 24 is 1 or 2 millimeters. 

30 FIG. 5 shows a flowchart for demagnetizing the disk 24 in the 

apparatus 10 bv AC bulk erase. The disk 24 is demagnetized as follows: 

9 
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(a) The electromagnet 16 is placed near the recording surface of the 

disk 24 (step 30): 

(b) The controller 12 applies a hich current to the electromagnet 16 A s 

shown in FIG. 1B, the polos 12a of the magnet 12 arc cith e r mov e d from inner 
5 d i am o tor ( I D) to outer diametor (OD) to covor tho d i sk surfaoo, shown by brok e n 
arrow i n FIG. IB, or tho magn e t pol e s 12a aro wide enough to cov e r tho entir e 
w i dth of tho d i sk surface ( i .e., from tho I D to tho OD) as shown i n FIG. 10. 

Roforr i ng to F I Gs. 2A B, in Oonfigurat i on 2, two U shaped magnots 12 ar e 

10 used wh e r e in th e d i sk 14 i s pos i tion e d in a gap 12b of th e magnets 12, and the 
magnots 12 aro pos i tionod about 180^ apart, as shown in s i de and top views i n 
F I Gs. 2A - B, r e sp e ct i v el y. 



In both configurat i ons, AC oraso of data tracks i s porformod by: powering 

15 tho o l octromagnots 12 t o generate an initial high strength magnetic field (such as 
1 to 100 KGauss) that is perpendicular to and extends through the disk 24 and is 
based on and much higher than the magnetic coercivitv of the disk 24 (step 32): 

(c) The spin motor 20 rotates the disk 24 (step 34): and 

(d) T 12c botwQon tho magnots 12 (stop 13). rotating the disk 14 he 

20 controller 12 gradually reduces (continuously or stepwise) the high current to 
essentially zero current while the disk 24 rotates, and conseouently (shown by 
curv e d arrow i n FIG, 10) wh il e t he magnetic field generated by the 
electromagnets 162 is gradually s lewtAz-reduced from the high strength to a low 
strength that is e r le v e l ( e .g., z e ro) from th e high starting field str e ngth (about 1 
25 KGauss to 100 KGau s s) bas e d on co e rc i vity of th e magn e tic m e dia on th e disk 
14 (stop 15), e ssentially non-existent (zero), thereby AO erasing the disk 24 
(step 36), 

The rate of reduction of the magnetic field depends on the rotational 
30 speed the disk 24. The faster the rotational speed of the disk 24. the faster the 
rate of reduction of the magnetic field. 
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For example, the magnetic field is decremented to zero at one decrement 
per revolution of the disk 24. Thus, the time elapsed for each decrement is the 
same as the time elapsed for a revolution of the disk 24. For instance, if the disk 
5 24 rotates at 10 msec per revolution then the magnetic field is decremented 
every 10 msec. As another example, the magnetic field is decremented to zero 
at approximately one decrement per revolution of the disk 24. Thus, the time 
elapsed for each decrement Is approximately the time elapsed for a revolution of 
the disk 24. For instance, if the disk 24 rotates at 10 msec per revolution then 

10 the magnetic field is decremented marginally longer than every 10 msec. As vet 
another example, the magnetic field is decremented to zero more slowly than 
one decrement per revolution of the disk 24. Thus, the time elapsed for each 
decrement is greater than the time elapsed for a revolution of the disk 24. For 
Instance. If the disk 24 rotates at 10 msec per revolution then the magnetic field 

15 is decremented every 20 msec. 

After the disk 24 is AC erased, the disk 24 is assembled into a disk drive 
and then user d Oata can then-be written to_en-the disks 244 (step 384^). 
As such, as shown by examp le i n b l ock d i agram of th e apparatus 10 in F I G. 2C, 
20 a powor courco 16 (o,g., programmable d i rect current courco) is app l ied to the 
o l octro magnots 12, whoro l n the amp l itude of the current app li ed to the magn e ts 
12 can bo var i ed (o.g., continuous l y or stopw i so) from a high current for a starting 
magnetic fio l d to ossontia l ly zoro current for an ossontial l y non exist e nc e 
magn e tic fi el d. Th e starting fi el d str e ngth of th e el ectromagnet i s s e lect e d so that 
25 it is much high e r than the coerc i v i ty (He) of th e magnetic media on d i sk surfaces. 

The rato of roduction of magnetic fie l d 12c depends on the opoed of 

rotat i on of tho disk 11. In one examp l e, the magnet i c fio l d 1 2c i s docromontod 
to zero, approximately one docromont por rovolut l on of the disk 11. The amount 
30 of time el aps e d for oach docromont is about tho same or marginal l y l onger than 
tho t i me olapsod for a revo l ution of tho d i sk. For example, i f tho d i sk rotates at 

11 
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10 msoc per revolut i on, thon tho magnotic fiold i s docromontod i n moro than 10 
mQoc, Tho fastor tho cpood of rotation, tho faster the rate of roduction of the 
magnotic fio l d. I n another oxamp i o, tho amount of t i me olapsod for oach 
docromont is moro than tho tim o o bpsod for a r e volution of tho disk. For 
5 o xamp io , i f tho disk 11 rotates at 10 msoc per revolution, thon tho magnotic fio l d 
i s docromontod by one stops i n moro e.g. 20 msec, etc. 

As shown in FIG. 2C, tho AC eras e i s p e rformed by placing one or mor e 

d i sks 11 i n the e rasor apparatus 10 further i nclud i ng a sp i n motor 18 for 
spinning/rotating d i sks 11, where i n the e l e ctromagnets 12 are position e d 
prox i mat e th e d i sks 1 4 as shown in FIGs. 1A C and 2A - B. A contro l l e r 20 
contro l s th e le v e l of e .g. curr e nt g e n e rat e d by th e pow e r sourc e 16, and th e r e by 
controls the magnotic field gonoratod by tho magnets 12, Opt i onal l y a mon i tor 

10 monitors rotat i ona l speed of th e disks 11 whereby th e controller 20 
decrements tho magnet i c fiold to zero based on tho rotat i ona l spood of tho disks 
11. In anoth e r v e rs i on a monitor i s not n e c e ssary, wh e r e in bas e d on a 
pr o dot o rm i nod speed of rotation of tho disks 11 tho contro l ler 20 decrements the 
magnotic f i o l d to z e ro. Th o apparatus 10 can further inc l ude a housing 21 for 
housing said components to erase d i sks 11 placed ther ei n. 

The Configurations 1,2 above can be modified to erase mu l tip l e d i sks 11 

at tho same t i mo. Tho d i stance between tho magnets 12 and surfaces of d i sks 

11 (e.g., 1 or 2 millimet e r) i s such as to provide magnetic fie l ds perpendicular to 
tho surface of the d i sk 11. After tho above AC erase procoduro, tho d i sks 11 are 
assembl e d i n disk drives for customer us e . 

Referr i ng to F I G. 3A, examp l e comparative plots i l l ustrate b i t error rate 
(BER) in r e adback signal for AC e rase 22 accord i ng to the pres e nt i nvention, and 
30 degradation (e.g., 2 orders of magnitude increase) in BER for tho readback 

signal from data record e d on data tracks wh e n conv e ntiona l proc e ss of only +DC 

12 
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band oraso 2A or on l y DC band oras e 26, is usod boforo wr i t i ng data tracks. 
Tli i s i s becaus e t l io magnotio f i old from tho DC eras e d reg i ons coup i o into th e 
lioad wr i ter olomont, resulting i n transition sh i fts. F I G. 3B shows oxampio 
comparativo plots il lustrating tho transition sh i ft with rospeot to th e width of the 
5 e raso band us i ng AC e ras e 28 according to th e pr e s e nt inv e ntion, and us i ng 
conventiona l +DC and DC eraso 30, 32. Coupling of tho nnagn e tic f i o l d from tho 
DC erased regions i nto the head enhances one po l ar i ty of wr i t i ng and degrades 
the other w i th tho resu l t that either posit i ve or n e gative b i t cel l s l ast l onger than 
the ether polarity. Th i s tim i ng asymmetry degrades the BER, and has a 
10 substantia l n e gativ e i mpact on th e BER p e rformanc e of disk driv e s b e caus e 
many parts of tho m e d i um i n serve wodgos and unused parts of tho data zon e 
ar e conv e nt i onal l y DC eras e d. 

R e f e rr i ng to e xampl e st e ps in F I G, 4 A, in anoth e r asp e ct of th e pres e nt 

15 inv e nt i on, the AC erase method i ncludes AC eras i ng tho disks (i.e., recording 
medium) in spin stand or disk dr i ve, at a frequency (F) determined by tho 
fo l low i ng steps: 

(a) Sel e cting e .g. the out e r diam e t e r (CD) of th e d i sk as th e t e st track 23 

(e.g., FIG. AB) (stop 3^) — in othor versions othor tost tracks such as inner 
20 diameter ( I D), midd le diamet e r (MD„ etc. can be se l ected; 

(b) S e tting th e wr i t e c l ock/fr e qu e ncy to a nom i na l l ow fr e quency (e.g., 

about 50 te100 MHz) (stoop 36); 

(c) AC writ i ng the t e st track at a nominal write data c l ock frequency 

(fr e qu e ncy of bits transit i ons) with writ e el em e nt of a transduc e r h e ad 25 ( e .g., 

25 FIG. AB) (stop 38); 

(d) Reading back from the tost track using read e l ement of a head 25 after 

sotting for write read offset (bocauso of offs e t distance between road and write 
elements in a head, after a write operation, the radia l position of th e head is 
adjusted by th e offset distance to p l ace road element ev e r the test track to read), 

30 and measuring th e amp l itude of the read back signal (stop ^0); 
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(o) I ncroasing tho writo c l ock froquoncy and ropoating ctops 38, 10, unt i l 

the amp li tudo of tho readback signa l roducos to noiso l ovo l (tho ampl i tude do e s 
not change any more as tho writo c l ock incroasos) (stops 12, AA)\ and 

(f) Noting th o c l ock froquoncy (F) at which tho roadback signa l amp l itude 

5 b e com e s l ow and r el at i vely constant, and p e rform i ng AC eras e at or abov e clock 
frequency F on a ll data tracks to be erased (st e p 16). 

At tho start of tho abov e process for s e arching for tho AC oraso wr i te 

froquoncy, tho no i s o lovol may not b e known. Th e no i s e l e ve l i s observed toward 
10 tho end of tho tost at high froquoncy wh e n th e read signal amp l itudo is relat i v el y 
constant as tho wr i te froquoncy is increased, i ndicating tho roadback signa l 
amp li tud e is sam e as th e nois e le v e l i n th e syst e m. In th e description her e in, 
"no i s e le v e l" i s th e le vel at which th e av e rag e d amp li tudo of the read s i gna l 
r e ma i ns r el at i v e ly constant as writ e fr e qu e ncy i ncr e as e s. 

15 

The above stops can bo performed in a sp i n stand apparatus (tost 

apparatus typica l ly used to tost head and media at tho compon e nt l ev e l b e for e 
ass e mbl e d in disk driv e s), or in d i sk driv e s ( e .g., F I G. IB) after disks 11 ar e 
ass e mbl e d th e r ei n. 

20 

Referring to FIQ. 64 B shows a , a s i mpl i f i ed b l ock diagram of an e xampl e 
disk drive 44O0 in which AC erase of the disk 24 an ombodimont of tho present 
invention can be implemented. The disk drive 44-00 includes the disk 24, a 
transducer head 42. an actuator assembly 44. a voice coil motor (VCM) 46, a 
25 spindle motor 48, a preamplifier 50. a read/write channel 52. a power driver 54, a 
controller 56 and a memory 58. The disk 24 includes tracks 60. The transducer 
head 42 includes a read element 62 and a write element 64. The controller 56 
includes a microcontroller 66. a drive controller 68 and a memory 70. 

30 The transducer head 42 uses the read element 62 and the write element 

64 to read from and write to the disk 24. The actuator assembly 44 includes a 
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support arm that supports the transducer head 42. The VCM 46 moves the 
actuator assembly 44 and thus the transducer head 42 across the tracks 60. and 
maintains the actuator arm 44 and thus the transducer head 42 over a taroet 
track 60. The spindle motor 48 rotates the disk 24. 

5 

comprisos storag e m e d i um such as data d i sks 14, and a disk dr i v e 
contro l ior 1 1 ^ for Intorfoc i ng with a host and contro lli ng disk drivo operations 
including data transfer to and from storage mod i a 1 A , th e r e in. Tho d i sk dr i ve 
100 further Inc l udoc a head structure 116 I nc l ud i ng ono or more hoods 25 ( e ach 
10 hood 26 includ i ng a road olomont 25a and a wr i te olomont 25b) movod by a 
support arm of an actuator aosomb l y 120 v i a a VCM 122 across tracko of ono or 
more disks ^A for data storage and data rotriova l , and tracking to maintain th e 
head over a target posit i on. 

IS The Each d i ck 1 1 1 noludos a sorvo pattom inc l uding mu l tiple tracks 23 for 

data storage, on a recording surfaco thoroof. Tho d i sk drivo 100 further I ncludes 
a-preamplifier 50424 fef-amollfiesvim the read back and write signals from and to 
the disks 24. The 1 4 . r e sp e ct i ve l y, and a read/write channel 52 1 26 for 
encodesing and decodesinf data b e tw ee n us e r i nformation and data writt e n on 

20 disks 1^. Tho channel 126 a l so docodos servo track numbere and data a nd 
converts servo burst amplitudes Into digital values. The disk dr i ve 100 further 
includes a power driver 54 I C 128 for dri ves the VCM 46 inq tho actuator 120 and 
the a-spindle motor 48 1 30 for rotating tho disks 1 A . The controller 56 Interfaces 
with a host computer (not shown) and controls the operations of the disk drive 

25 40. Within the controller 56. the In ono oxamp i o ombodimont. tho contro li or 11^ 
inc l udes a memory 132, microcontroller 66 (o.a.. microproc e ssor) 13^ for 
controlsHfl§ the head-bias curren t for the transducer head 42 . and the a-drive 
control ler 68 1 36 for Generally controls ©f-the components of the disk drive 4400. 
The d i sk dr i vo 100 can furth e r Includ e memory 70 142 for stores I ng oth e r 

30 program Instructions or data and . Tho memory 142 can include RAM and/or 
non-volatile (^A^memory such as EEPROM, ROM, etc. 
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^The controller 56 d i sk driv e f i rmwaro 1 1 ^ 1 or the memory 58443 can 

include thean AC erase function accord i ng to the above stops . 

5 After the disk drive 40 is assembled, a recording freauencv for the AC 

erase is determined. Next. t Proforablv t he transducer head 42 performs the A C 
erase i o porformod a t the recording freauencv on the disk 24 before any-writing 
any data is porformod on the dis k 24. Thereafter, o 1*1 (including writing servo 
pattems and I n oorvowrito. and wr i t i ng any user data are written on the disk 244 . 

10 

After tho disk dr i vo 100 i s assemb l ed, AC band oraso at the c l ock 

froquoncy (F) dotorminod by tho abovo procoduro io programmed thoro i n. The 
modium AC oraso precond i tion i ng according to tho above stops improvos both 
servo and data BER p e rfomrianc e s compar e d to conv e ntional DC e ras e . 

15 

FIG. 7 shows a flowchart for detenminino the recording freauencv for the 

AC erase of the disk 24 in the disk drive 40. The transducer head 42 reads from 
and writes to the disk 24. The recording freauencv is the write clock freauencv 
and therefore the freauencv of the bit transitions written to the disk 24. The noise 
20 level is the level at which the averaged amplitude of the readback signal remains 
relatively constant as the recording freguencv increases. The recording 
freauencv is determined as follows: 

(a) Select a test track 60 on the disk 24 (for instance at the inner 

diameter (ID), the middle diameter (MP) or the outer diameter (CD) of the disk 
25 24) (step 100): 

(b) Set the recording freauencv to a nominal low freauencv (such as 50 
to 100 MHz) (step 102): 

(c) AC write the test track 60 at the current recording freguencv (step 

104): 

30 (d) Read the test track 60 (after adjusting the radial position of the 

transducer head 42 bv the radially offset distance between the read element 62 
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and the write element 64 so that the read element 62 rather than the write 
element 64 is positioned over the test track 60) and measure the amplitude of the 
readback signal generated from the test track 60 (step 106): 

(e) Compare the amplitude of the readback signal with the noise level 

5 (the amplitude of the readback signal is reduced to the noise level when the 
amplitude of the readback signal remains relativelv constant as the recording 
freouencv increases) (step 108): 

(f) Increase the recording freguencv and repeat steps 104. 106 and 

108 if the amplitude of the readback signal is greater than the noise level (step 
10 110): and 

(g) Select the recording freguencv at which the amplitude of the 

readback signal is reduced to the noise level as the recording freguencv for the 
AC erase (step 112). 

15 Thus, steps 104. 106 and 108 are repeated until the recording freguencv 

is determined at step 112. 

The AC erase is then performed on the tracks 60 on the disk 24 in the disk 
drive 40 bv the transducer head 42 writing to the tracks 60 at the recording 
20 freguencv at which the amplitude of the readback signal amplitude is reduced to 
the noise level. 

The recording freguencv can be scaled up or down to change the 

rotational speed (RPM) of the spindle motor 48, and thus the rotational speed of 
25 the disk 24. during the AC erase as long as the linear data densitv on the disk 24 
is kept essentiallv constant. The AC erase is preferablv performed on the area of 
the disk 24 that is intended for data storage. 

The noise level mav not be known before the recording freouencv is 
30 determined. However, when the amplitude of the readback signal is relativelv 
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constant as the recording frequency increases, this indicates that the amplitude 
of the readback signal is the same as the noise level. 

Although the disk drive 40 is shown with a single disl< 24 and a single 
5 transducer head 42. the disk drive 40 can include multiple disks 24 and multiple 
transducer heads 42. and the recording freguencv can be used to AC erase 
multiple disks 24 in the disk drive 40. Furthermore, the recording freguencv can 
be used to AC erase multiple disk drives 40. 

10' Although the disk drive 40 is described as determining the recording 

freguencv. alternativelv a spin-stand can determine the recording freguencv 
using the disk 24 and the transducer head 42. Thereafter, the disk 24 and the 
transducer head 42 are assembled in the disk drive 40. and the disk drive 40 
performs the AC erase using the recording freguencv determined bv the spin- 

15 stand. 

Although the disk drive 40 is described as AC erasing the disk 24. 

alternativelv the apparatus 10 can AC erase the disk 24. Thereafter, the disk 24 
is assembled in the disk drive 40. and the disk drive 40 need not AC erase the 
20 disk 24. 

Proforably, the above stops of F I G. ^ A aro porformod on a head 25 and 

disk ^A that oro boing usod for th e d i sk dr i ve product 100. Tho clock fr e qu e ncy 
(F) can bo scal e d up or down if n e c e ssary to chang e th e spind le 130 sp ee d 
25 (RPM) for AC erase as long as tho linoar density of data i s k e pt ossontia l ly 
constant. Tho AC oraso is preferab l y porformod on tho area of the disk that is 
intondod for data storago. Onco tho froquoncy F i s det e rm i ned for a d i sk drive 
100, it can bo usod to AC erase mu l t i p l e d i sk dr i ves 100, 

30 F I G. ^C shows an oxampl e diagram of hoad flux 150 from a head 25 due 

to AC oraso according to tho present invention. For tho AC Eras e precond i t i on 
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caso, whon data is wr i tten to tho tracks, tho magnet i c f i e l d 150 of tho writo hoad 
25b is donotod by two down arrows and two curvod arrows (magnet i c bubblos). 
Whon tho dis l < 1 A (medium) i s procond i tionod with +DC Erase only or w i th DC 
Eraso only, th e magnotic bubblos oro oithor incroasod or docroasod (doponding 
5 on tho dirootion of tho wr i to current) causing tho writton transit i on to e xpand or 
contract (number of curved arrows i ncrease or decrease, respectively) and in 
turn causing transition sh i ft. 



FIG. 8 shows a flowchart for demagnetizing the disk 24 in the disk drive 
10 40 by A ccording to another aspect of tho present invention, an alternativ e 
method for d e magn e t i z i ng the medium 1^ i nc l ud e s o mitting the DC eraset he 
stops of turning off hoad wr i to curr e nt i n regions that are normally DC e ras e d . F 
(th i s preserves tho demagnet i zed condition of tho as sputtered med i um). As 
such, there is no DC orase of tho d i sks ^^ f rom the time the magnetic material is 
15 sputtered on the disk 24 s 11 are sputtered w i th magnotic m e d i a to the time, after 
the disk 24 is assembled in the disk drive 40, that the . unti l thov are insta ll ed i nto 
th e d i sk dr i v e 100 b e for e servo patterns are written on the disk 24. there is no DC 
erase of the disk 24 . This preserves the demagnetized condition of the magnetic 
material of the disk 24 and alleviates timing asvmmetn/. The disk 24 is 
20 demagnetized as follows: 
(a) S 

The conv e nt i ona l process of long i tud i na l r e cord i ng i nclud e s DC e rasing 

tho data tracks of disks 1 A i n part or whole. One example of DC oras e for part of 
th e d i sk surfac e i s perform e d during Writ e /Read offs e t measur e m e nts to 

25 d e t e rmin e th e offset of th e wr i t e and r e ad ele m e nt of th e h e ad. This e mbod i m e nt 
of the method of the present inv e ntion ensures that the disks 11 are not DC 
eras e d, pr e s e rving th e demagn e tiz e d cond i tion of th e as - sputt e r e d magn e tic 
med i um on tho surface of tho d i sks 11. Referring to tho example f l owchart in 
FIG. 5, an e mbodim e nt of this method includes tho st e ps of: s putteriog the 

30 magnetic material on surfaces of t he disks 2 A^A with magnotic media i n a 
sputtering proc e ss (step 120^); 
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(b) Test the disk 24 porform i ng mod i a tost procoss w ithout DCDG 
erasing the disk 246-44 (step 122§4); 

Ic) ll nstalliftg the disks 244 in the disk drive J:s4O0 (step 1 24§§); and 

(d) S porforming s ervo wri te and self-test the disk 24 i ng and tost 

5 proc o ss without DC eras ing the disk 24e (step 126§^ ), This mothod onsuro a 
domagnotiz e d stato for rog i ons of tho disks 11 that ar e conventionally DC 
orasod, and ossontia l ly a l lov i atos timing asymmotry . 

3^^::^^^ An e xamp le p l ot in FIG. 6A shows a tim i ng h i stogram 

of d i fforont i ated data wr i tten after a conventional DC band oraso. Two peaks aro 
cloar l y prosont oorrospond i ng to th e different lengths of pos i tiv e and nogativo bit 
c el ls, showing bit shifts and timing asymm e try. Anoth e r e xampl e p l ot i n FIG. 6B 
shows tho samo measurement for a data track wr i tt e n on as roco i vod mod i a after 
a d i sk sputtering process w i thout any not magnetizat i on, by turn i ng off writ e 
curr e nt in reg i ons that ar e conventiona ll y b e DC e ras e d. This preserves th e 
demagnetized condition of tho as sputtered med i um, whereby t i m i ng asymmetry 
i s e l im i nated. As such, aft e r magnetic modia is depos i ted on a disk surface, 
providing d e magn e t i z e d ("raw") m e dium (i. e ., random magn e t i zat i on) such that 
data can bo recorded on tho disk surface, sorvo and user data ar e recorded on 
tho disk w i thout a convent i ona l DC erase step. In one examp l e, such a raw disk 
11 i s placed in a servowr i t e r (not shown) or ass e mbl e d i n a disk dr i vo 100 for 
writing data thereon, w i thout a DC eras e proc e ss. 

R e f e rring to e xampl e steps in FIG. 9 shows a flowchart for demagnetizing 

25 the disk 24 in the disk drive 40 by DC erase with alternate polarity of the write 
current each time the transducer head 42 is stepped (radially repositioned 
relative to the disk 24). The disk 24 is demagnetized as follows: 

(a) Move t 7A. another mothod of domagnot i zing (e.g., erase) tho 

medium according to th e prosont i nvont i on inc l udes DC erase of tho unusod 
30 rogions, but with a l t e rnating th e po l arity of th e DC eras e curr e nt e ach time th e 
head i s st e pped ( i . e ., moved rad i a ll y, wh e r e in i n one exampl e step sizo is small e r 

20 
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than tho track p i tch). In ono vors i on, t he transducer head 42 25 is moved to a first 
tracl< 60 of a n area- of the d isk 24 surface rogion t o be erased (step 1 3§0); 

(b) ^et tT he DC erase w rite current (such as 10 to 50 mA) f or the 
transducer head 42i6-8et (step 1362); 
5 (c) . and tho head DC erase (w rite) s-en-the cu rrent track 60 with the 

DC erase write current at a current f ifst-polaritv (step 1364); 

(d) Determine whether the current track 60 is the last track 60 . If oth e r 
tracks remain t o be erased (step 1366); 

(e) Move the transducer head 42 to the next track 60 if another track 
10 60 remains to be erased , tho hoad 25 i c movod/stopped to tho next track (step 

1368) : and 

(f) Reverse thex polarity of the DC eraseh ead write/bias current and 

repeat steps 134 and 136 is rovorsed (step 1470). 

15 Thus, steps 134. 136. 138 and 140 are repeated . and tho track i o wr i tten 

(otop 16^). Tho abovo otopo aro repeat e d until the desired area of the disk 24 
has been roaiono aro e rased (step 142) . 

The transducer head 42 need not necessarily be stepped track-bv-track. 

20 For example, the step size can be smaller than the track pitch. 

FIG. 10A shows a maonetic field 150A from the transducer head 42 due to 

AC erase. FIG. 10B shows a maonetic field 150B from the transducer head 42 
due to +DC erase, and FIG. IOC shows a maonetic field 150C from the 

25 transducer head 42 due to -DC erase. The magnetic fields 150A. 150B and 
1 50C are generated bv the write element 64 as the transducer head 42 writes to 
the disk 24. The magnetic field 150A occurs as the disk drive 40 performs AC 
erase on the disk 24. and the magnetic fields 150B and 150C occur as the disk 
drive 40 performs +DC erase and -DC erase, respectivelv. on the disk 24 with 

30 alternate polarity of the write current each time the transducer head 42 is 

stepped. The magnetic field 150A is represented bv two vertical arrows and two 
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curved arrows, the magnetic field 150B is represented bv two vertical arrows and 
three curved arrows, and the magnetic field 150C is represented bv two vertical 
arrows and one curved arrow. Furthermore, the arrows represent a bubble 
where the transducer head 42 writes to the disk 24. 

5 

When the disk 24 is preconditioned with +DC erase only or with -DC erase 
onlv (depending on the direction of the write current), transition shift occurs. For 
example, when the disk 24 is preconditioned with +DC erase only, the magnetic 
bubble increases (the number of curved arrows increase), causing the written 
10 transitions to expand, and in turn causing transition shift. Likewise, when the 
disk 24 is preconditioned with -DC erase onlv. the magnetic bubble decreases 
(the number of curved arrows decrease), causing the written transitions to 
contract, and in turn causing transition shift. 

15 When the disk 24 is preconditioned F I Gs. 7B C show example diagrams 

of hoad flux 150 wh e n th e m e dium 1^ is altomat el v w ith alternate +/-DC erase 
and -DC erase as the transducer head 42 is stepped, d. rospoot i vo l v. with wr i te 
e l e m e nt 25b of h e ad 25 accord i ng to th e examp le method of FIG. 7A, wh e r ei n 
the-the_+Bdc magnetic field cancels the 

20 -Bdc magnetic fi eld and the net effect is similar to the AC e&ase. 

FIG. 1 1 A shows comparative plots of BER as a function of erase band 
width for AC band erase 160. +DC band erase 162 and -DC band erase 164. AC 
band erase 160 is according to the present invention, whereas +DC band erase 
25 162 and -DC band erase 164 are conventional. The band erases 160. 162 and 
164 are written to a disk, then tracks are written to the disk, and then the BER in 
a readback signal from the tracks is measured. As is seen, the AC band erase 
160 has no appreciable impact on the BER. whereas the DC band erases 162 
and 164 have a laroe impact on the BER. 
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FIG. 1 1 B shows comparative plots of transition shift as a function of erase 
band width for AC band erase 170. +DC band erase 172 and -DC band erase 
174. AC band erase 170 is according to the present invention, whereas +DC 
band erase 172 and -DC band erase 174 are conventional. The band erases 
5 170, 172 and 174 are written to a disk, then tracks are written to the disk, and 
then the transition shift is measured. As is seen, the AC band erase 170 has no 
appreciable impact on the transition shift, whereas the DC band erases 172 and 
174 have a large impact on the transition shift. 

10 FIG. 12A shows a readback signal timing histogram of differentiated data 

written after a conventional DC band erase. The two peaks correspond to the 
different lengths of the positive and negative bit cells, which indicates bit shift and 
timing asvmmetrv. 

15 FIG. 12B shows a readback signal timing histogram of data written on a 

disk with as-received sputtered magnetic material. The magnetic material is 

sputtered without any net magnetization, the demagnetized condition of the 
magnetic material is preserved, and timing asvmmetrv is eliminated. 

20 FIG. 12C shows a readback signal timing histogram of data written on a 

disk after alternate +DC erase and -DC erase as a transducer head is stepped. 
Timing asvmmetrv is eliminated. 

In on e oxamp i o, ampl i tud e of tho hoad current is about 10 to 50 mA. This 

method onsuros a demagn e tiz e d stato for regions of tho disk that aro 
conv e ntionally DC e ras e d, and essent i a ll y allev i at e timing asymm e try. An 
oxampio plot i n F I G. 7D shows measurem e nt of roadback signa l from data 
written on media ^A pr e cond i tioned by DC erasing w i th oltornato polar i ty on 
adjacent tracks. Tho unused rog i onc of tho disk ^A aro DC orasod by alternating 
the po l arity of tho DC erase current oach timo tho hoad is moved ( e .g., stop s i ze 
sma ll er than tho track pitch), whoroby timing asymmetry is o l iminatod. Tho 
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abovo examp l os chow ben e f i t of o li m i nat i ng tho not magn e t i zat i on i n unusod 
portions of a porpondiou l ar rooording medium (o.g., 50Gb/in^ )r 

The present invention has been described in considerable detail with 
5 reference to certain preferred versions thereof; however, other versions are 
possible. .Therefore, the spirit and scope of the appended claims should not be 
limited to the description of the preferred versions contained herein. 
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Abstract 

D A m e thod of d emagnetizing magnetic media for recording data in a data 
storage device,-includes ing tho st e ps of placing the magnetic media in a 
magnetic field at a first strength-tevel^i and gradually reducing the magnetic field 
to a second strength le v el t o essentially eliminate net magnetization in the 
magnetic media. Anoth e r e mbodiment i nclud e s th e st e ps of det e rm i ning a 
record i ng froquonoy for wr i ting on th e magnotic media with a transducor hoad, at 
wh i ch tho amp l itudo of tho transducer head roadback signa l from sa i d portion of 
tho magnotic med i a i s ossont i ally at noise l eve l ; and writing on tho magn e tic 
med i a at substantia ll y said record i ng frequency, to substantia l ly o l iminato not 
magn e tizat i on in the magnet i c med i a. 
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